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Discrete subvalvular aortic stenosis is a progressive lesion. 
Most reported cases have had a measurable left ventricular- 
aortic gradient that progressed in severity. This report 
describes 35 patients in whom no significant left ventricu- 
lar-aortic obstruction was noted at initial cardiac catheter- 
ization, but who later were shown to have significant 
subvalvular aortic stenosis. In 24 of the 35 cases, absence of 
a significant left ventricular-aortic gradient (~10 mm Hg) 
was documented at initial cardiac catheterization. In 11 
patients, a left ventricular-aortic pressure gradient was not 
obtained or not sought in the absence of clinical evidence of 
an obstructive lesion. In each case, discrete subaortic 
stenosis was not noted on angiography. 
Associated lesions included ventricular septal defect in 
7, patent ductus arteriosus in 12, coarctation of the aorta in 
8, pulmonary stenosis in 3, atrioventricular canal in 2 and 
miscellaneous lesions in 3 cases. The 35 patients had 
documentation of subvalvular aortic stenosis 3 months to 19 
years after their initial study based on repeat catheteriza- 
Discrete subvalvular aortic stenosis is a lesion frequently however, a few cases reported in which subvalvular aortic 
associated with other forms of congenital heart disease and stenosis developed after early cardiac catheterization had 
is notable for rapid progression in severity (1,2). Subvalvular documented the absence of a significant left ventricular 
aortic stenosis has been reported to constitute 8% to 20% of outflow tract gradient. A total of 12 such patients has been 
all forms of left ventricular outflow tract obstruction (2). The described, either as case reports or among large series (l-6). 
great majority of pediatric patients previously described with This communication describes the natural history of 35 
this lesion have had subvalvular aortic stenosis initially patients from two institutions in whom significant subvalvu- 
diagnosed with a measured left ventricular-aortic gradient, lar obstruction was not present at the time of an initial 
and have progressed to more severe obstruction. There are, catheterization study, but later developed. 
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tions in 26, echocardiography in 6 or discovery at surgery 
in 3 cases. There were eight children with coarctation and 
no left ventricular-aortic gradient who developed signifi- 
cant subvalvular stenosis at a median of 2 years 9 months 
after initial cardiac catheterization. Of 30 patients with 
associated lesions, 23 had surgical intervention before de- 
velopment of subvalvular aortic stenosis, but only 5 of 17 
patients with ventricular septal defect had surgical repair 
or palliation specifically for the interventricular communi- 
cation before development of subvalvular aortic stenosis. 
Thirty patients required surgery for subvalvular obstruc- 
tion at a median of 7.7 years after initial catheterization. 
It is concluded that discrete subvalvular aortic stenosis 
may develop despite prior documentation of no left ventric- 
ular-aortic gradient. Although subvalvular aortic stenosis 
may have a preexisting substrate, the lesion can present as 
an “acquired” disease with progressive hemodynamic se- 
verity. 
(J Am Co11 Cardiol1989;14:1539-44) 
Methods 
Study patients. Subvalvular aortic stenosis was defined 
as a discrete subaortic membrane or fibromuscular ring. 
Patients with subaortic tunnel, idiopathic hypertrophic sub- 
aortic stenosis or coexisting valvular and subvalvular aortic 
stenosis were excluded from this review. We reviewed 
surgical, echocardiographic and catheterization reports of 
patients with a diagnosis of subvalvular aortic stenosis 
0735-10911891.$3.50 
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Table 1. Clinical Features of 35 Patients With Late Developing Subvalvular Aortic Stenosis 
Patient Age at CC 
No. Pre SVAS 
LV-Ao 
PSG *I 
(mm Hg) 
Age at 
DX SVAS 
LV-Ao 
PSG *2 
(mm Hg) 
Associated Surgery Pre Surgical Age at 
Lesions SVAS DX Repair Surgery 
Group 1A 
1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Group IB 
17 
18 
19 
20 
21 
Group IC 
22 
23 
24 
Group II 
25 
26 
21 
28 
29 
30 
31 
32 
33 
34 
35 
11 yr2mo 0 16 yr 5 mo 30 
1 mo 0 4yr5mo 57 
lyr3mo 10 11 yr 11 mo 57 
2 mo 10 1 yr 1 mo 30 
4 mo 5 4yrlmo 50 
5 yr 0 14 yr 5 mo 90 
5 yr 5mo 10 13 yr 82 
3 mo 10 lyr9mo 100 
7 mo 9 8 yr 1 mo 70 
7mo 0 5yr2mo 40 
7 mo 0 6yr8mo 46 
7mo 0 4yr6mo 80 
3 yr 0 10 yr 5 mo 50 
2mo 0 11 mo 65 
2yr2mo 0 8yr8mo 30 
3yr6mo 5 7yr 11 mo 55 
1 yr8mo 0 2yr8mo 
1 yr 0 6 yr 
llyr2mo 10 13 yr 
6yr8mo 0 13 yr 
5yr2mo 0 llyr7mo 
3 yr 1 mo 
lyr3mo 
1 yr2mo 
3yr4mo 
2yr2mo 
5yr7mo 
3 mo . . 
3yr4mo 2% 
5 mo . . . 
4yr6mo . 
2 wk 2% 
4yr9mo . . 
4mo . . 
8 mo . . 
7 mo . . . 
7yr2mo . . 
10 mo . 
10 yr 11 mo 
7yr4mo 
13 yr 1 mo 
12 yr 10 mo 
5 yr 
5yr2mo 
14 yr 
19 yr 6 mo 
llyr3mo 
8yr8mo 
7yr8mo 
. . 
. . . 
. 
. . 
. . . 
. . 
. . . 
. 
54 
90 
135 
40 
40 
110 
55 
54 
90 
50 
. . 
PDA, APW 
COA 
VSD, COA 
VSD 
VSD, PDA 
No 
Yes 
Yes 
Yes 
No 
Yes 
APW, PDA 1 mo 
COA lyr3mo 
COA 2mo 
PDA, PAB, 
VSD, PADB 
COA 
VSD, ABSPV 
COA 
VSD 
VSD, PDA 
VSD 
AVC, PDA 
AVC 
No 
Yes 
Yes 
No 
Yes 
Yes 
No 
Yes 
Yes 
No 
COA 
conduit, VSD 
VSD 
PDA 
PAB, PDA 
AVC 
2 mo 
3 mo 
6 yr 
1 yr 
lyr5mo 
1 mo 
2yr7mo 
VSD, COA, PDA 
VSD 
ToF 
Yes 
No 
No 
Yes 
No 
PDA 1 mo 
ToF 8 yr 
VSD, PDA No 
VSD No 
VSD No 
VSD Yes VSD 3 mo 
VSD, COA, PDA Yes PDA, COA 3yr9mo 
VSD Yes VSD 5 mo 
PDA Yes PDA 4yr9mo 
VSD, COA Yes COA 1 mo 
PS Yes PS 4yr9mo 
ASD, PS Yes ASD, PS 4yr9mo 
PDA, PS Yes PDA lyr5mo 
PDA Yes PDA 2 yr 
VSD, COA, PDA Yes PDA, COA 7yr2mo 
PDA Yes PDA 2 yr 
*ABSPV = absent pulmonary valve; Ao = aorta; APW = aortic pulmonary window; AVC = atrioventricular canal; CC = cardiac catheterization; COA = 
coarctation or aorta; DX = diagnosis; LV = left ventricle; PAB = pulmonary banding; PADB = pulmonary artery debanding; PDA = patent ductus arteriosus; 
SVAS = subvalvular aortic stenosis; PSG = peak systolic gradient; PS = pulmonary stenosis; ToF = tetralogy of Fallot; VSD = ventricular septal defect; LV-A0 
= left ventricular-aorta gradient. SGradient at coarctation site. 
between 1969 and 1986 at Columbia Presbyterian Medical coarctation of the aorta (8 patients) and patent ductus 
Center in New York and the Hospital for Sick Children in arteriosus (12 patients) were the most prevalent lesions. Two 
London, There were 88 cases identified, of which 35 (39%) patients had an atrioventricular (AV) canal defect. A total of 
had no findings indicative of subvalvular aortic stenosis at 30 patients had associated lesions and 13 had multiple 
the time of an initial cardiac catheterization. These 35 defects (Table 2). Five individuals had isolated subvalvular 
patients compose the population for this review (Table 1). obstruction. 
Associated lesions. At the time of initial evaluation at age Clinical evaluation. In none of the 35 patients was sub- 
2 weeks to 11 years (median 1.2 years), a variety of cardiac valvular aortic stenosis diagnosed or even suspected at the 
lesions were found. Ventricular septal defect (17 patients), time of initial cardiac catheterization. Twenty-four patients 
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Table 2. Associated Lesions in 35 Patients* 
Lesion 
VSD 
VSD alone 
VSD t PDA 
VSD t COA 
VSD $ COA t PDA 
VSD $ absent pulmonary valve 
PDA 
PDA alone 
PDA + PS 
PDA t Aortopulmonary window 
With VSD 
With AVC 
COA 
Coarctation alone 
With VSD 
AVC 
AVC alone 
AVC t PDA 
Other 
ASD t PS 
PS 
ToF 
No associated lesions 
Multiple associated defects 
*Abbreviations as in Table I. 
No. of Patients 
17 
8 
3 
2 
3 
I 
12 
3 
I 
I 
6 
I 
8 
3 
5 
2 
I 
I 
3 
I 
I 
I 
5 
I3 
(ECG) evidence of ventricular hypertrophy and echocardio- 
graphic evidence of subaortic obstruction. 
Results 
Patient subgroups (Table 1, Fig. 1 and 2). The population 
was divided into several subgroups based on the features of 
initial evaluation and later presentation of subvalvular aortic 
stenosis. Twenty-four of the 35 patients (Group I) had no 
significant measured gradient across the left ventricular 
outflow tract at initial cardiac catheterization. Sixteen of 
these patients (Group IA) had an initial left ventricular-aortic 
peak systolic gradient 110 mm Hg and were diagnosed at a 
second study that documented a gradient ~30 mm Hg (Fig. 
2). The mean peak systolic gradient at second study was 58 
(25.4) mm Hg (SE). The time during which development of 
recognized significant subvalvular aortic stenosis occurred 
among the patients in this subgroup ranged from 0.8 to 10.7 
years (median 4.9). It should be noted that in the absence of 
serial catheterizations, the rapidity or linearity of progres- 
sion cannot be absolutely determined. 
had a left ventricular-aortic gradient <lo mm Hg by direct 
measurement (simultaneous left ventricular-aortic gradient 
or pullback tracings) and in all 35 patients, the left ventric- 
ular outflow tract was considered to be unobstructed on 
initial angiographic or echocardiographic evaluation or both. 
The diagnosis of subvalvular aortic stenosis was made at 
repeat evaluation (ages 11 months to 19.5 years; median age 
7.9 years) following initial study. The reason for repeat 
evaluation in these patients included 1) new or changing 
murmurs, 2) onset of symptoms of fatigue or malaise, or 3) 
information from noninvasive studies obtained in the course 
of following an associated lesion. The latter included radio- 
graphic evidence of cardiomegaly, electrocardiographic 
Five of the 24 patients (Group IB) were later diagnosed to 
have subvalvular aortic stenosis by two-dimensional echo- 
cardiography (sector scan). The time of progression to 
recognition in this group was I to 12.6 years (median 5). 
Three children (Group IC) with an initial peak systolic 
gradient of 0 mm Hg had subvalvular aortic stenosis diag- 
nosed and repaired at surgery for ventricular septal defect 
closure 2.5 months to 4.4 years (median 11 months) after 
their initial evaluation. 
There were 11 patients (Group II) who did not have direct 
measurement of left ventricular and aortic pressures at the 
time of initial catheterization but at the time had no clinical 
evidence of this lesion and normal angiographic or echocar- 
diographic studies, or both. At the time of diagnosis 3 
months to 18.8 years later (median 8.3 years), 10 of these 
patients had a mean outflow gradient of 70 mm Hg. In one 
case, the diagnosis was ultimately made by two-dimensional 
echocardiography. For the entire group of 35 patients, the 
INITIAL 
f$jj IA PSG- L~O,,,~H~ 
Figure 1. The population of 35 pa- 
tients divided by subgroups on the 
basis of peak systolic gradient (PSG) 
at initial cardiac catheterization and 
at time of diagnosis. 
??IB PSG- 6lOmmHg 
0 1C PSG- LlOmmHg 
p I’ PSG- EZlle”,ed 
n = Number of Patients 
AT DIAGNOSIS 
r30mmHg 
by Echocardiography 
at Surgery 
r40mmHg (n = IO) 
Echocardiography (n z I ) 
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Figure 2. Progression of peak systolic left ventricular-aortic gradi- 
ent (PSG) over time in 16 patients (Group 1A). 
median age was 1.2 years at initial evaluation and 7.9 years 
at diagnosis of subvalvular aortic stenosis (Table 1). 
Development of left ventricular obstruction. The develop- 
ment of significant subvalvular aortic stenosis despite earlier 
absence of left ventricular outflow tract obstruction is doc- 
umented in this series of patients. It is conceivable that, in a 
few cases, low cardiac output at the time of the initial study 
could have masked a mild but significant gradient across the 
left ventricular outflow tract. However, the findings of 
significant subvalvular aortic stenosis years later in all of 
these patients strongly suggests that trivial or mild undiag- 
nosed subvalvular obstruction did not exist as a static lesion. 
Early and later evaluation indicating development of subval- 
vular aortic stenosis was carried out primarily among chil- 
dren who had other lesions that originally brought them to 
the attention of physicians. Patients with isolated subvalvu- 
lar aortic stenosis were diagnosed later in life because they 
were less likely to have had indications for earlier studies. 
Surgical history (Table 2). Three of the eight patients with 
isolated ventricular septal defect had surgical closure before 
developing subvalvular aortic stenosis and five had no 
surgical intervention. Of the nine patients with ventricular 
septal defect associated with other lesions (not including 
(AV) canal), two had operative ventricular septal defect 
closure (one after first undergoing pulmonary artery banding 
and patent ductus arteriosus ligation) before later develop- 
ment of subvalvular aortic stenosis. Six of these nine pa- 
tients did not have ventricular septal defect repair, but 
underwent surgery for patent ductus arteriosus or coarcta- 
tion of the aorta, or both. One had no surgical procedure 
before development of subvalvular aortic stenosis. 
Of 13 patients with associated lesions other than ventric- 
ular septal defect, 6 underwent patent ductus arteriosus 
closure, 2 coarctation repair, 2 pulmonary valvulotomy and 
1 each pulmonary artery banding, AV canal defect, tetralogy 
of Fallot repair, aortopulmonary window closure and atria1 
septal defect repair. Three of these patients had multiple 
surgical procedures. One had no prior cardiac surgery. A 
total of 12 of the entire group of 35 patients developed 
subvalvular aortic stenosis without having undergone some 
surgical procedure for another cardiovascular lesion. 
Absence of left ventricular-aortic gradients early in life 
among patients who subsequently have significant subvalvu- 
lar aortic stenosis supports the widely held notion that 
subvalvular obstruction is most often not present in early 
childhood. Sixteen of our 35 patients were initially evaluated 
before 1 year of age and 28 before age 5 years. Among 12 
previously reported cases with documented “acquired” 
aortic stenosis (l-6), age was reported at the time of first 
catheterization in eight patients. Six of these eight patients 
had no subvalvular aortic stenosis at a first study before 1 
year of age and all eight had documented stenosis before 5 
years of age. Thus, available data support the opinion of 
Wright et al. (1) based on their three cases of “late devel- 
oping” subaortic obstruction that subvalvular aortic stenosis 
is rarely diagnosed in the 1st year of life; clinical features and 
hemodynamic significance are recognized later in the 1st 
decade. 
Etiology. The etiology of subvalvular subaortic stenosis 
is still incompletely understood. Possible mechanisms in- 
clude genetic predisposition, hemodynamic abnormalities 
associated with other cardiac lesions and hemodynamic 
changes due to surgical interventions for repair or palliation 
of associated cardiac defects. 
Influence of age, prior surgery and associated lesions. Animal models of polygenic inheritance. Pyle et al. (7) 
Analysis of variance between patients initially studied inva- pointed out that a model for congenital development of 
sively early in life (before 1 year of age) and those initially subvalvular aortic stenosis exists in the Newfoundland dog. 
studied after 1 year failed to identify significant differences in In this breed, subvalvular aortic stenosis is thought to be 
1) peak systolic gradient at diagnosis, 2) the time from initial inherited due to polygenic influences. On the basis of cath- 
study to diagnosis or 3) age at diagnosis of subvalvular aortic eterization and postmortem studies on 139 puppies, the 
stenosis. Similarly, differences in these criteria also were not authors (7) could discover no signs of subvalvular aortic 
seen between patients who did and did not have prior stenosis <3 weeks of age, whereas the most severe forms of 
surgery for an associated lesion; or between patients with an subvalvular aortic stenosis were inevitably seen in animals 
isolated ventricular septal defect and those with more com- >6 months old. The authors suggest that persistent embry- 
plex lesions. Patients with no associated lesions were diag- onic tissue in the left ventricular outflow tract is present that 
nosed significantly later (age 12.4 + 1.4 years) than those is capable of proliferation. This model appears to follow the 
with other defects. course of appearance and development seen in humans. 
Discussion 
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Ferrans et al. (8), however, noted that the pathologic lesions 
seen by Pyle et al. (7) exhibit significant histologic differ- 
ences from the membranes observed in human subjects. 
Especially notable was the presence of numerous “large, 
bizzare connective tissue cells resembling chondrocytes in 
the fibrous ring of Newfoundland dogs” not found in the 
human lesion. Despite histologic differences, the similarity 
in progression of the clinical disease is striking. We have 
been unable to find any reports of discrete subvalvular aortic 
stenosis among multiple human family members; thus, the 
role of genetic inheritance in the human species appears to 
be unimportant. 
Hemodynamic influence. Hemodynamic factors undoubt- 
edly play a major role in the development of subvalvular 
aortic stenosis. A variety of lesions have been described in 
association with subvalvular aortic stenosis including both 
left- and right-sided obstructive lesions and intracardiac 
shunts (1,2). The predominant lesions associated with “late” 
presentation of subvalvular aortic stenosis in our series were 
ventricular septal defect or ventricular septal defect associ- 
ated with coarctation of the aorta. 
Coarctation of the aorta has been frequently associated 
with subvalvular aortic stenosis and was seen in a significant 
number of patients in our series and in prior case reports 
(1,2) who developed a gradient. Changes in fetal blood flow 
patterns have been implicated in the pathogenesis of aortic 
arch lesions (9-l I), lesions of the pulmonary outflow tract 
(12) and ventricular hypoplasia (13). Moulaert et al. (10) 
noted the combination of ventricular septal defect, left 
ventricular outflow tract obstruction and coarctation in 
certain breeds of minipigs. It might be hypothesized that an 
alteration in left-sided flow during fetal life is a factor in the 
development of coarctation and, similarly, that a nidus of 
subtle subaortic obstruction created in fetal life and contrib- 
uting to the development of coarctation may later develop 
over time into a discrete subvalvular membrane. 
It has been suggested (6) that increased flow across the 
left ventricular outflow tract, such as that seen with patent 
ductus arteriosus, might stimulate membrane development. 
Such a mechanism. however, does not explain subvalvular 
aortic stenosis development in association with ventricular 
septal defect in which the left-to-right shunt does not result 
in increased flow across the left ventricular outflow region. 
The development of ventricular infundibular hyperplasia 
associated with an unrestricted ventricular septal defect 
might contribute to the development of muscular subaortic 
stenosis by hypertrophy of the conal septum. It is difficult, 
however, to attribute the development of a discrete mem- 
branous subaortic lesion to this mechanism. 
Influences of prior cardiac surgery. Although surgical 
intervention for associated lesions may alter hemodynamics, 
it is difficult to postulate a specific mechanism by which the 
development of subvalvular aortic stenosis could be ex- 
plained in this context. It has been suggested (4) that 
ventricular septal defect closure might trigger the develop- 
ment of a significant subaortic gradent either by producing 
an obstruction under the valve at the time of patch closure or 
by removing the decompressing effect of a ventricular septal 
defect that actually “straddles” the subaortic membrane. It 
seems highly unlikely that a surgically placed patch would 
bow out into the left ventricular outflow tract in the absence 
of supersystemic right ventricular pressures and, whereas a 
straddling ventricular septal defect might conceivably de- 
compress the outflow tract, it is not a mechanism frequently 
suggested by anatomic observations. Mechanical extrusion 
of aneurysmal tissue into the left ventricular outflow tract at 
the time of patch closure for ventricular septal defect already 
partially closed by aneurysm formation was noted in one 
patient at this institution and resulted in late subvalvular 
aortic stenosis. This appears to be a rare manifestation. 
Hemodynamic changes due to pulmonary artery banding 
have been implicated in the development of subvalvular 
aortic stenosis by Freed et al. (13). In their review, four 
cases of subvalvular aortic stenosis developed among 40 
infants with pulmonary artery banding in infancy; they 
suggest this may have occurred secondary to hypertrophy 
and leftward shift of the conal septum. In our series, two 
patients developed subvalvular aortic stenosis after banding 
of the pulmonary artery. However, it is noteworthy that 
among our 17 patients with ventricular septal defect who 
developed subvalvular aortic stenosis, 12 had no previous 
surgery for repair or palliation of this defect. 
Atrioventricular canal defects. The development of sub- 
valvular aortic stenosis has been reported in patients with 
prior diagnoses of both partial (14-16) and complete (5,lS) 
AV canal defects. Eight of 10 patients described in these 
reports were noted to have subaortic obstruction only after 
repair of their endocardial cushion defects. Mechanisms that 
have been suggested for the “development” of a subaortic 
gradient after repair of a cushion defect include 1) “nar- 
rowing of the left ventricular outflow tract” due to anoma- 
lous attachments of the mitral apparatus, perhaps in con- 
junction with decreased mobility of the mitral valve leaflet; 
2) closure of a “vent” at the mitral valve cleft; 3) increased 
flow across the left ventricular outflow tract after relief of 
mitral insufficiency; and 4) development of a fibrous ridge 
postoperatively. It appears to be clear that prior surgical 
repair is not a prerequisite (15) for development of subaortic 
stenosis in patients with endocardial cushion defect. Al- 
though improved postoperative hemodynamics may play a 
role in “bringing out” a subaortic gradient, it seems ex- 
tremely likely that a structural anomaly underlies the devel- 
opment of this lesion. Echocardiographic and Doppler eval- 
uation focused on the subaortic region may document 
turbulent blood flow and subtle abnormalities of the outflow 
tract and allow for earlier identification of patients at risk to 
develop significant obstruction. 
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Clinical implications. In a patient who develops subaortic 
stenosis, there may be a preexisting nidus that is stimulated 
by hemodynamic forces. Unrelieved severe stenosis leads to 
myocardial hypertrophy and injury as well as damage to the 
aortic valve, and these complications can be prevented by 
early diagnosis and surgical relief of obstruction. Cardiolo- 
gists should be attuned to subtle changes in the physical 
examination of patients with ventricular septal defect, co- 
arctation of the aorta and patent ductus arteriosus whether 
or not previous surgery has been carried out. A late “re- 
sidual” or changing murmur may represent evolving subval- 
vular aortic stenosis. 
Conclusions. Although subvalvular aortic stenosis may 
develop from a preexisting substrate, it can prevent clini- 
cally as an “acquired” lesion with increasing hemodynamic 
significance over time. Late subvalvular aortic stenosis may 
occur regardless of whether previous surgery has been 
carried out for an associated congenital cardiac lesion. 
We gratefully acknowledge the help of Maryann Colacino, Cindy Duffy and 
Sally Sunshine in the preparation of this manuscript. 
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